IMPORTANCE Septic arthritis of the temporomandibular joint (SATMJ) is a very rare but potentially severe complication of pediatric middle ear infections because it presents risks of TMJ ankylosis.
S eptic arthritis of the temporomandibular joint (SATMJ) is a very rare complication of middle ear infection (MEI).
To our knowledge, only 5 cases of pediatric SATMJ complicating MEI (otogenic SATMJ) have been published so far. [1] [2] [3] [4] [5] Besides MEI, other causes of pediatric SATMJ have been reported in the literature, including blunt trauma, 6 neonatal sepsis, [7] [8] [9] systemic infectious disease, [10] [11] [12] and juvenile idiopathic arthritis. 13, 14 The aim of this study was to better describe the symptoms, imaging characteristics, natural course, and treatment of otogenic SATMJ in children.
Methods

Study Design
This retrospective study reviewed all pediatric otogenic SAMTJ cases referred to one of the 3 pediatric ear, nose, and throat departments of Trousseau, Necker, and Robert Debré Sick Children Hospitals in Paris, France, between January 1, 2005, and December 31, 2015. This study was approved by the Comité de Protection des Personnes Ile-de France 2 ethical research committee. The committee waived the need for patient consent.
Review of Medical Records
The institutional database (Classification Commune des Actes Médicaux) was used to retrieve and review the medical records of children with otogenic SATMJ. The age, sex, medical history, symptoms, radiological findings, laboratory studies, treatments, outcomes, and additional complications for each child were noted. Initial imaging of the TMJ was systematically reanalyzed by one of us (S.B.).
Inclusion and Exclusion Criteria
Patients younger than 18 years who had otogenic MEI with SATMJ were included in the study. The diagnosis of acute otitis media (AOM) relied on the presence of an inflammation and/or bulging of the tympanic membrane. The diagnosis of acute mastoiditis (AM) was based on the association of postauricular subcutaneous edema or abscess with clinical AOM or middle ear opacity on computed tomographic (CT) imaging. The presence of fever, otalgia, purulent otorrhea, or visible defects of the mastoid cortex on CT scan was not necessary to diagnose AOM or AM.
The diagnosis of otogenic SATMJ was made in the presence of an MEI and of TMJ anomalies on CT scan or magnetic resonance imaging (MRI): effusion in the TMJ, bony erosion of the mandibular condyle, obvious joint space widening, and abscess involving the TMJ. 15 Clinically, SATMJ could be asymptomatic or revealed by trismus, preauricular pain, and/or bulging. In some cases, the diagnosis of SATMJ was made long after the initial MEI because of a long-term complication, such as TMJ ankylosis. Exclusion criteria were as follows: children older than 18 years, nonotogenic SATMJ, and absence of TMJ imaging.
Treatment Protocols
Acute otitis media was treated according to the French National Guidelines. 16 Oral antibiotics were systematically prescribed for children younger than 2 years and for older children, but only in case of high fever, intense otalgia, or fever or pain that had persisted for 72 hours after initial symptoms. All children with AM were hospitalized and given broad-spectrum intravenous antibiotics consisting of thirdgeneration cephalosporin along with clindamycin phosphate or metronidazole hydrochloride. Postauricular abscesses usually underwent needle aspiration under local anesthesia. Surgical drainage with mastoidectomy under general anesthesia was indicated in complicated cases (eg, lateral sinus thrombosis) or in the absence of a favorable response after 72 hours of intravenous antibiotics. 17 There was no written protocol for the treatment of SATMJ.
Results
Nine children (6 boys and 3 girls) were included in the present study. The demographics, clinical anomalies, radiological findings, C-reactive protein levels, white blood cell counts, associated complications, treatments, and outcomes are summarized in Table 1 . The patient's mean age at the time of the initial MEI was 2.1 years (range, 6 months to 4.7 years). The primary infection was AM in 7 children (78%) and AOM in 2 (25%). Associated complications were frequent in 6 children (75%) ( Table 1) , and the most common of these complications was lateral sinus thrombosis (6 children [66%] ). This complication was associated with epidural empyema in 2 cases, with pneumocephalus in 1 case, and with parapharyngeal abscess in 1 other case. Another child had meningitis and epidural empyema (Table 1) .
Clinically, all 9 patients had fever, 5 (55%) had preauricular swelling, and 1 (11%) had trismus ( Table 1) .
Of the 9 patients, 8 (89%) received initial imaging at the time of the MEI: 7 had a CT scan, 1 (patient 1) had both a CT scan and an MRI, and 1 (patient 2) had no imaging (Table 1 and Figure 1A -C). For 4 patients (patients 1, 5, 7, and 9), the diagnosis of SATMJ was made at the time of the initial MEI episode. For 5 children (patients 2, 3, 4, 6, and 8), the radiological signs of SATMJ-clearly identified during a second review of the initial imaging by one of us (S.B.)-were missed by the
Key Points
Question What are the clinical, bacteriological, and imaging characteristics of otogenic septic arthritis of the temporomandibular joint in children?
Findings This retrospective multicenter study of 9 pediatric cases of otogenic septic arthritis of the temporomandibular joint found that the main clinical symptom for 5 patients (55%) was preauricular bulging, the most frequently isolated bacterial species was Fusobacterium necrophorum (found in 4 patients [44%]), and the condition evolved into temporomandibular joint ankylosis for 6 patients (67%).
Meaning In cases of pediatric acute mastoiditis, septic arthritis of the temporomandibular joint should always be sought to limit the incidence of temporomandibular joint ankylosis. Bacteriological samples were obtained from 7 retroauricular abscesses, 1 intracranial collection (patient 2), 1 blood culture (patient 3), 1 preauricular abscess (patient 4), and 1 bone sample obtained during surgical treatment of a TMJ ankylosis performed 10 years after the initial MEI. Fusobacterium necrophorum was isolated in 4 patients ( Table 1 ). The bone sample contained several types of streptococci.
Seven patients with AM (78%) underwent mastoidectomy as the initial treatment for the MEI (Table 1) . Patient 4 underwent concomitant drainage of a preauricular abscess. All 3 patients diagnosed with SATMJ during the initial MEI underwent physical therapy (ie, jaw opening exercises) over the course of several months, but none underwent aspiration or incision and drainage of the TMJ (Table 1) .
Temporomandibular joint ankylosis was observed in 6 patients (67%) ( Figure 1D ). This complication was diagnosed between 1 and 3 years after the initial MEI (mean value, 2 years). One case (patient 7) occurred despite an SATMJ diagnosis during the initial episode of MEI, leading to early treatment with TMJ physical therapy ( Table 1 ). All 6 patients with TMJ ankylosis had trismus, and half of them reported feeding or speaking difficulties. The treatment of TMJ ankylosis consisted of surgery in 5 cases (83%). Temporomandibular joint was exposed through a pretragal approach, and local osteotomies or ostectomies were performed. In patient 8, a cartilaginous rib graft was fixed to the mandibular ramus with the upper portion placed within the glenoid fossa. Four children needed 2 surgical procedures. These treatments resulted in a partial improvement of the jaw opening in 5 cases. The sixth patient was lost to follow-up.
Discussion
Because of its rarity, otogenic SATMJ remains a poorly recognized complication of pediatric MEI. The aim of this present study was to describe its clinical, radiological, biological, and microbiological characteristics and evolution.
Pathophysiologic Features
Middle ear infection might reach the TMJ through direct or hematogenous pathways. Direct extension is favored by the thinness of the bony plate that separates the middle ear from the glenoid fossa. 1 In young children, the separation between the middle ear and the TMJ could be particularly permeable because of yet unachieved local ossification processes in children. 18, 19 This fact probably explains why our patients are young (mean age, 2.4 years; range, 6 months to 4 years) ( Table 1) and why only 1 case of otogenic SATMJ has been reported in adults. 20 
Clinical Diagnosis
Clinical diagnosis of otogenic SATMJ is difficult because of the frequent absence of trismus, which was true in 7 of our patients (78%) and in 2 (40%) of the 5 previously published cases. [2] [3] [4] [5] 21 This symptom might be underestimated because it is not routinely sought by physicians during their clinical evaluation of children with MEI. Preauricular swelling is much more frequent than trismus; it was absent in only 4 of our patients (44%) and in only 1 of the 5 other published cases (20%). [2] [3] [4] [5] 21 Such a swelling is not a pathognomonic sign of SATMJ given that it can also be observed in AM with preauricular subcutaneous extension of the infection through zygomatic air cells.
Imaging
Despite the growing concerns about the long-term effects of CT scan radiation exposure in children, 22 CT with contrast enhancement remains the first-line imaging method in the presence of AM or SATMJ for the following reasons: compared with MRI, CT is more readily obtained and easier to perform in children; it also delineates both the bone and the soft tissues, enabling the detection of areas of bone destruction or demineralization as well as soft-tissue edema or abscesses, intracranial collections, and lateral sinus thrombophlebitis. In addition to checking this list of classic findings, the radiologist should systematically and thoroughly explore the TMJ area because SATMJ can occur without any overt physical signs such as preauricular bulging or trismus (Table 1 ). There may be mild radiological abnormalities, such as displacement of the mandibular condyle within the glenoid cavity, hypodensity, or contrast enhancement in or around the TMJ ( Figure 1A-C) . Bony changes are rare at the beginning of the process. Magnetic resonance imaging is not routinely obtained in the presence of AM. However, when AM is associated with trismus or preauricular bulging and when the CT scan does not show any clear anomaly of the TMJ, MRI is probably useful to improve the identification of SATMJ 4, 6, 20, 23, 24 ( Figure 1C ). Alternatively, TMJ ultrasonography can be used in this context. 25 When ankylosis is suspected, a CT scan easily demonstrates bony ankylosis ( Figure 1D ).
Microbiology
Four of the 5 previously reported cases (80%) of pediatric otogenic SATMJ were the result of group A Streptococcus
( Table 2) . In contrast to these findings, 4 (80%) of our positive bacteriological samples retrieved F necrophorum and isolated no group A Streptococcus. This discrepancy might result from 2 differences between our patients and other published cases: 1. Seven of our patients (78%) initially had mastoiditis, whereas 3 (60%) of previously published cases resulted from an episode of AOM. Interestingly, F necrophorum is rarely involved in AOM but represents about 7% of bacteria isolated in pediatric AM. 17 2. Six of our patients (75%) developed TMJ ankylosis, whereas only 1 (20%) of the previously published cases had such a complication. Thus, our study population might represent a subgroup of SATMJ with specific bacterial flora associated with higher risks of functional sequelae. Fusobacterium necrophorum is an aggressive bacterium leading to long-lasting and complicated cases of AM with frequent skull base osteitis and septic thrombophlebitis.
26
In 1 of our patients, several streptococci were isolated in a bone sample performed during the surgical treatment of TMJ ankylosis several years after the initial MEI episode. This underlines the possibility of long-lasting bacterial TMJ osteitis after SATMJ, eventually leading to late-onset TMJ ankylosis.
Initial Treatment and Outcome
Of the 7 cases (3 from the present study and 4 from the literature) in which SATMJ was diagnosed at the time of the initial MEI episode, 4 were treated with TMJ physical therapy and 4 with TMJ aspiration (Tables 1 and 2 ). Only 1 case (patient 7) eventually evolved to TMJ ankylosis. These numbers are too small to assess the efficacy of TMJ physical therapy and TMJ aspiration and thus wash out in the prevention of ankylosis. However, based on this study's findings, our new protocol for the treatment of otogenic SATMJ encompasses 7 days of intravenous followed by 3 weeks of oral antibiotic treatment, TMJ aspiration, and washout ( Figure 2 ). In the presence of trismus, TMJ physical therapy with lateral excursive and protrusive movements is maintained for as long as the trismus persists. In the absence of trismus, a clinical surveillance of mouth opening is scheduled once every 3 weeks for 6 months, then once every 6 months for 1 year, and finally once a year for 3 years. This long-term surveillance is justified by the fact that TMJ ankylosis can occur up to 4 years after the initial MEI. 21 In addition, a final visit is scheduled at ages 12 to 13 years to detect SATMJ-induced unilateral mandibular hypoplasia.
To manage TMJ ankylosis, all but 1 of the 7 children (6 from the present study and 1 from the literature) required invasive TMJ surgery, and 5 children had to have an operation several times. The final functional outcome was satisfying in all cases.
Conclusions
Septic arthritis of the temporomandibular joint is a very rare but potentially severe complication of acute MEI in children. Trismus is often initially absent, and this diagnosis should be particularly suspected in case of preauricular swelling. Because of the possibility of asymptomatic cases, the TMJ should be systematically and accurately analyzed on CT scans performed on children with AM. Further prospective studies that include larger cohorts will be necessary to determine the incidence and the optimal treatment of otogenic SATMJ.
